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INTRODUCTION
The relative biological effectiveness (RBE) for negative pions ('IT-) at the peak of depth-dose distribution,on 5-day-old lymphoma ascites tumor cells has been reported. The RBE was found to be 5.4 when proliferative capacity was used as a biological end point (1), and Z.5, when I polyploidy induction was the end point (Z).
The potential use of ' IT -in future cancer therapy motivated us to do as many experiments as feasible with the beam available at the 184-inch syrichrocyc1otron at Berkeley. In the series of experiments reported here attempts were made to obtain more information about the RBE, and to gain some insight into the oxygen enhancement ratio (OER). used and, hence, eight mice could be exposed at a time. The pion exposures were as long as 40 hours, which made the tumors almost 7 days old by the end of the irradiation.
Measurements of the partial pressure of oxygen (pOZ ) in vivo showed that 5-day old tumors were hypoxic and, in most cases, anoxic.
Two-and 3-day-old turnors,even with an inoculum af10 7 cells, always showed that oxygen was available to the cells., Two-day-old tumors, (inoculum: 10 7 'cells) were used in the investigation reported here to measure the RBE and to get some information h ' , h 60 C . on the OER for t ese cells in vivo. Experiments were also done wit 0 " '{-rays at a dose rate equivalent to the pion dose rate multiplied by 5.0 (round value of previously determined RBE) for comparison. In addition, The procedure and end point were the same as previously described
(1), namely, the in ~ irradiation of ascites tumors, and the test for tumor-forming ability of the cells when injected into normal mice.
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• and Kallman (7). The ratios of the TDSO for the control group to the TDSO's obtained for each irradiated gro,up gave the surviving fractions.
from which the survival curve was drawn. Curve fitting was done by eye, and propagation of errors for the TDSO ratios gave asymmetrical 9S%
confidence intervals for the surviving fractions. Since only one experiment was done. an estimate of the standard error was obtained by t~king ( one -fourth of the 9S% confidence interval for each surviving fraction (8.9).
The mean lethal dose. DO' the dose required to reduce survival from 1 to 0.37 in the exponential region of survival curves. was then e;;timated -4-UCRL-18807 Rev.
from the graphs, as well as the standard error. The RBE was estimated on the basis of 0.1 survival, and also as the ratio of DO's.
Survival after 60 Co X-ray exposure was compared by using a dose rate of 150rads/hr, based on a rounded value of 5.0 for the RBE; mice carrying 2-day-01d tumors were then irradiated for the same length of time as with the pion beam, except for the 1000-and 1500-rad points, for which we used a dose rate of 500 rads/hr. Four mice per dose were used in control experiments, the cells were pooled after sacrifice, and then the procedure described before for dilutions and injections was fo1-lowed.
Acute exposures with 60 Co "V-rays were made at a dose rate of 45 rads/min. Roentgens were converted to rads by use of a factor 0.96 
RESULTS AND DISCUSSION
Results have been summarized in Table IT along with the results obtained in our previous report (1). extrapolation number (n = 1. 5) is not significantly different from the value obtained with TT-. DQ is only 1/5 that for low-dose-rate ,(-rays, but almost twice as great as the value for TT mesons. Figure 6 shows the results obtained with 910-MeV 4He ions. We have fitted the points to a straight line, but on the basis of this experiment it would be difficult to say whether or not the extrapolation number is 1.0.
Consequently, we have written a question mark on Table II . With the acute'irradiations (Figs. 5 and 6), the shoulders seem to be smaller. The fitting is not good enough to make comparisons with Berry's survival curves (12). He found that shoulders are present in the high-dose-rate curves and not in the low-dose-rate ones.
The RBE for pions has been estimated by comparing results obtained at a 60 Co dose rate equivalent to that of the pion beam, and also at a higher dose rate, as used in radiotherapy. In the first case, 0.1 survival was used; the RBE then was RBE = 5. 4±0. 6.
The assumption can be made that the DO for the TT should not change appreciably with dose rate. The RBE estimated on the basis of the DO's was RBE = 2.9±0.5.
The OER cannot be estimated from survival curves obtained at different tumor ages (5, 7, 13, 14) . In a 2-day-old tumor the cells are in the beginning of the log phase, and in a 5-day-old tumor they are entering the stationary phas.e. The fact that there is oxygen present in the 2 -and .,
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